I
n the United States, the rate of hospitalization for community-based people over 65 years of age is high at 21.6%. 1 Admission to an acute hospital for medical or surgical care is a critical event in itself but may also result in new impairments in physical function and limitations to activities of daily living, especially in older adults. 2, 3 These changes are at least partly related to physical inactivity during the admission. Acutely ill inpatients are minimally active despite evidence of some benefits (reduced length of stay and improved physical function) with early mobilization and rehabilitation. 4, 5 Low levels of mobility during hospital admission are associated with adverse outcomes, including higher risk of new institutionalization and death. 6 Conversely, walking during hospital admission is significantly associated with a reduced risk of 30-day readmission, with odds of readmission decreasing around 10% for each 100-step increase in mean daily steps in hospitalized older adults. 7 While most research in the hospital setting has focused on physical activity levels, sedentary behavior (time spent in activities that elicit low rates of energy expenditure, usually characterized by body postures of sitting or lying down), 8 is now recognized as having significant and independent effects on health in terms of chronic disease morbidity 9 and all-cause and cardiovascular mortality. 9, 10 The manner in which the sedentary behavior is accumulated (for example in long uninterrupted bouts) may also be relevant to health outcomes. 11 The importance of measuring both active and sedentary constructs, and examining the dose-response benefits of physical activity 12 and/or the minimization or breaking up of sedentary time, 13 is the focus of a significant body of research, which has been expanding from healthy populations across the lifespan, to clinical populations in a range of health care settings.
Wearable activity monitors (accelerometers) enable objective measurement of both physical activity 14 and sedentary 15 parameters. Accelerometers can be worn in a range of environmental and health care settings (acute to community) and capture either habitual activity or changes as a result of major life/health events. The scope for use of metrics from accelerometers in an acute hospital setting is large, including to describe illness-recovery patterns, enable comparisons with use of time data from other populations, and investigate intervention outcomes.
The use of accelerometers to measure active and sedentary behaviors in people who are hospitalized with an acute illness is rapidly expanding, but has not been systematically described. The range of clinical populations examined, monitoring methods, and both active and sedentary outcomes have not been reported. Therefore, the research questions for this review were:
1. How are objective activity monitors being used in acutely ill inpatients, in terms of the clinical conditions, study and sample characteristics, and monitoring methods? 
Methods
This review was prospectively registered on PROSPERO (CRD42015024240; http://www.crd.york.ac.uk/PROSPERO/ display_record.asp?ID = CRD42015024240) and is reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRIS-MA) guidelines. 16 
Data Sources and Searches
The search strategy was developed in MEDLINE using medical subject headings (MeSH) and text key words and was reviewed by a health sciences academic librarian with experience in systematic reviews. The MEDLINE, EM-BASE, Cumulative Index to Nursing and Allied Health Literature (CINAHL), and Scopus databases were searched from earliest records to November 6, 2015 .
The search strategy combined terms related to an adult inpatient population, with surgical or medical conditions, and objective activity monitoring with accelerometers to capture measures of physical activity or sedentary behaviors (eAppendix 1, available at https://academic.oup.com/ptj). Database searches were supplemented by searching for subsequent publications of otherwise eligible abstracts in Google Scholar and PubMed, and for included publications both reference list pearling and screening Scopus citations (Fig. 1 ). References were managed in EndNote (EndNote v.7, Clarivate Analytics, Philadelphia, Pennsylvania).
Study Selection
Two reviewers independently viewed the publication title, year of publication, author names, and abstract (blinded to author institutions or affiliations) to determine inclusion/ exclusion. Eligible items were publications written in English of primary research design, that recruited adults with an acute hospital admission (not rehabilitation, aged care, or other inpatient setting) for any medical or surgical condition (excluding mental health or pregnancy related), and used wearable activity monitoring to report an objective measure of physical activity or a sedentary behavior at any point(s) during the acute inpatient admission (eAppendix 1; all eAppendixes are available at https://academic.oup.com/ptj). Where eligibility status remained unclear after discussion, the full text was obtained. All items for full text evaluation were accessible, reviewed, and independently rated for inclusion/ exclusion by 2 people with arbitration of conflicts completed by a third reviewer. Interrater reviewer agreement was calculated by percentage and kappa statistics (IBM SPSS v.21.0, 1 New Orchard Road, Armonk, New York).
Physical activity has been defined as any bodily movement produced by skeletal muscles that requires energy expenditure, 8 but for the purposes of this review also included time in upright/standing postures. Sedentary behaviors have been defined as time spent sitting or lying down, with the exception of sleeping. 8 However, because hospitalized patients can have disrupted circadian and sleep cycles, we considered total durations and bouts of time spent sitting/lying down. Studies that used actigraphy or activity monitoring for other purposes, including sleep analysis, determining sedation/ delirium status, falls assessment, the activity of an individual limb (such as for comparing unilateral deficits post stroke), or for a few hours only (such as during a therapy session or to validate the performance of standardized tasks) were excluded.
Data Extraction and Quality Assessment
An electronic data extraction table was developed and piloted on two randomly selected publications. 17, 18 A full list of data items with definitions and coding instructions is included as eAppendix 2, and covered 1) publication characteristics, 2) sample characteristics, 3) summary of activity monitoring methods and apparatus, and 4) results for each reported outcome of a physical activity or sedentary parameter in all hospitalized groups at each measurement point in acute hospital, including betweenand within-group differences (as applicable to study design). Data on any associations with measures of muscle strength, physical function, or overall outcome were also extracted. We did not extract data for activity/sedentary parameters from graphical representations, raw activity counts, or energy expenditure (kcal). Data were extracted independently in duplicate, and the main results tables were cross-checked by an additional independent reviewer.
The risk of bias within individual publications was independently assessed in pairs of reviewers blinded to each other's scoring. Any discrepancies between raters for individual items were resolved by the lead author. Publications using observational methods were appraised with the Newcastle Ottawa Scale (NOS), designed for nonrandomized trials. 19 We made adaptations to the wording of scoring items and coding definitions to facilitate appraisal in the context of this review (eAppendix 3, Tab. eA3.1). Experimental publications were appraised with the Physiotherapy Evidence Database (PEDro) instrument, designed for randomized controlled trials. 20 Agreement of scoring between each reviewer pairing was calculated by percentage and kappa statistics for the NOS (eAppendix 3, Tab. eA3.2) but percent agreement only for PEDro (as too few studies were rated by each reviewer combination) (eAppendix 3, Tab. eA3.3). It was decided a priori that no publications would be excluded on the basis of their quality appraisal.
Data Synthesis and Analysis
We sought to identify overlapping publications by juxtaposition of extracted outcomes, author names, and institutions. Contact with corresponding and/ or senior authors was initiated twice by email, with further juxtaposition of data collection dates and project/grant/ethical approval identifiers (eAppendix 4).
A descriptive synthesis of results was conducted because meta-analyses were not appropriate to the review questions, and were furthermore confounded by heterogeneity in sample characteristics, monitoring methods, and definitions of primary outcomes.
Results
The database searches resulted in 3,306 records ( Fig. 1) , reduced to 1,725 when duplicates were removed. Interrater agreement for initial screening was 92.3%, with a kappa = 0.517 (SE = 0.034, P ≤ .001) indicating moderate agreement. For full text review, percent agreement was 70.5% and kappa = 0.506 (SE = 0.076, P ≤ . 001), prior to arbitration of conflicts. Four additional full texts were identified through other sources, such that 48 publications were identified. Six sets of publications appeared to recruit a similar clinical group from the same research site or involving at least 1 key investigator (medical/mixed admissions in Denmark, 17 [32] [33] [34] and abdominal surgery 35, 36 ). Publications for which there was confirmed overlap of some/ all participant data 18, 21, [22] [23] [24] 27 were removed from analysis and instead summarized in eAppendix 4. There was potential, although unconfirmed, overlap of participant data between the cardiac [32] [33] [34] publications (eAppendix 4), such that 42 studies (all prospective) were included for analysis.
Study Characteristics
The review captured 36 observational studies, and 6 studies with an experimental design 32,37-41 (Tab. 1). The earliest publication of objective activity monitor use in an acutely ill population was in 1999, 37 with 31 (74%) studies published within the last 5 years and 11 (26%) within the 2015 calendar year. Studies have been conducted on most continents, with 15 in Europe, 17, 37, 38, [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] 9 in North America (USA), 25, 26, 30, 31, [52] [53] [54] [55] [56] 9 in Asia ( Japan), [32] [33] [34] [35] [36] 39, [57] [58] [59] 7 in Australia, 28, 29, [60] [61] [62] [63] [64] and 2 in South America (Brazil). 65, 66 All studies were conducted within a single site or health service/association, or did not specify site number details. While some projects and individual researchers were supported by grant schemes, there was 1 study that declared an author was a co-inventor and board member of the monitoring technology used within the study, 40 and 1 study where monitors were supplied in kind by the manufacturer. 28 Included studies were conducted on a wide range of acutely hospitalized clinical groups, which we categorized as medical or mixed admission diagnoses (n = 10), stroke (n = 5), patients with a critical illness requiring an ICU admission (n = 3), acute exacerbations of chronic obstructive pulmonary disease (COPD) (n = 3) or cystic fibrosis (CF) (n = 4), cardiology or cardiac surgery admissions (n = 7), abdominal surgery (n = 5), thoracic surgery (n = 1), orthopedic surgery of the hip (n = 2) and knee (n = 1), and vascular surgery (n = 1) (Tab. 2). Detailed inclusion and exclusion criteria for participants in individual studies are available in eAppendix 5.
The median sample size on which activity data was collected was largest for studies that recruited a cardiac population (149, range = 32-268), followed by studies of medical/mixed admissions (92, range = 36-777), abdominal/thoracic surgery (60, range = 40-99), stroke (28, range = 19-100), orthopedic/vascular surgery (20, range = 13-317), ICU cohorts (20, range = 10-72), and exacerbations of COPD/CF (19, range = 10-24). The total number of acutely hospitalized participants within these clinical groups was: mixed, n = 1,591; cardiac, n = 1,166; abdominal/thoracic surgery, n = 383; orthopedic/vascular surgery, n = 370; stroke, n = 199; exacerbation of COPD/CF, n = 122; and patients in the ICU, n = 102.
A range of measures were used to summarize admission or illness characteristics across the clinical groups, including ratings of overall/physiologic condition severity (diagnostic grouping in the medical/mixed samples; acute physiology and chronic health evaluation (APACHE) for ICU samples), specific physiologic function (lung function testing for COPD/CF samples; left ventricular ejection fraction for cardiac samples), condition specific measures for stroke (Scandinavian and National Institutes of Health Stroke Scales), abdominal surgery (cancer Cross-sectional
Kroeders et al (2013) 29 Cross-sectional 47 Cohort/longitudinal 54 Cohort/longitudinal
Patients in intensive care unit
Winkelman et al (2005) 30
Cross-sectional
Borges et al (2015) 65 Cohort/longitudinal
Exacerbation of chronic obstructive pulmonary disease
Pitta et al (2006) 46
Cohort/longitudinal
Borges et al (2012) 66 Cohort/longitudinal
Rowlands et al (2014) 61 Cross-sectional
Exacerbation of cystic fibrosis
Wieboldt et al (2012) 51 Cohort/longitudinal
Burtin et al (2013) 48 Case controlled
Ward et al (2013) 62 Cohort/longitudinal 49 Cohort/longitudinal
Cardiac medical/surgical
Cook et al (2013) 55 Cohort/longitudinal
staging) and cardiac samples (New York Heart Association), and descriptions of surgical indication/procedure.
Preadmission physical capacity was summarized by patient, proxy, or medical record report in some way in 17 (40%) of studies. This was predominantly based on categorical ratings/definitions of: exercise or independence with activities of daily living (ADL), 25, 33, 34, 42, 52, 56, 58 gait aid use or external assistance from another person during mobilization, 25, 28, 29, 44, 45, 64 mobility capacity anchored to physical tasks or walking distances, 50, 53, 63 or level of social/care supports. 28, 45, 64 Objective classifications were made in 4 studies using the Katz ADL index, 17 life space assessment score, 42 new mobility score, 17 modified Rankin scale, 28 Nottingham extended ADL scale, 40 or Barthel index. 40 Thirteen studies 17, 25, 28, 38, 40, 42, 52, 53, 55, 56, 62, 64, 65 specified some minimum preadmission mobility capacity to determine eligible participants as part of inclusion/ exclusion criteria (eAppendix 5). Despite the variety in reporting methods for preadmission physical capacity, the Cross-sectional
Izawa et al (2014) 33 Cross-sectional
Izawa et al (2015) 34 Cross-sectional
Takahashi et al (2015) 57 Cohort/longitudinal
Abdominal surgery
Inoue et al (2003) 35 Case controlled
Inoue et al (2003) 36 Cohort/longitudinal
Browning et al (2007) 63 Cohort/longitudinal
Thoracic surgery
Agostini et al (2014) 50 Cohort/longitudinal
Orthopedic surgery
Tsuji et al (2010) 59 Case controlled 64 Cohort/longitudinal
Vascular surgery

Matsuo et al (2015) 58
Total no. (%) of studies to fulfill item
29 (81) 15 (42) 29 (81) 16 (44) 23 (64) 33 (92) 29 (81) 23 (64) a Y = yes, N = no, + = item fulfilled, − = item not fulfilled/reported. b In the Newcastle Ottawa Scale, a maximum of 2 stars can be given for comparability. 
Risk-of-Bias Assessment
For experimental studies, the median (min-max) percent of agreement for individual PEDro items was 83% (50%-100%), and 33.3% for the total score, which was a median (min-max) of 5 (3-8) (Tab. 1; eAppendix 3, Tab. eA3.3). For the majority of studies, participants were randomized to their study group, had similar baseline characteristics, and outcome reporting was completed to the standard of the relevant criteria. However, only one study blinded participants, one blinded assessors, and no study blinded therapists. Dropout rates were >15% in all but one study. 39 For observational publications, the analysis of agreement (by kappa) between each reviewer pairing for total NOS scores was interpreted as poor or slight; 67 individual NOS items were interpreted as poor (32% of rated occasions), slight (21%), fair (26%), or moderate to almost perfect (21%) (eAppendix 3, Tab. eA3.2). 67 The median (min-max) total NOS score for studies was 6 (3-9) (Tab. 1). In terms of the 'selection' criteria (items 1-4), both the representativeness of the hospitalized sample(s) and the selection of comparative participant group(s) or baseline reference points (for longitudinal studies) were appropriately characterized in 81% of studies. Participant sampling was conducted consecutively or in an obviously representative way in 42% of studies. Almost half (44%) of the studies gave some description of preadmission physical capability, which we interpreted as an attempt to demonstrate that outcome of interest (inactivity) was not present at start of study (ie, preadmission). In relation to the "outcome" criteria (item 5), 64% of studies sought to control for at least one important factor between groups (such as preadmission mobility, comorbidity, length of stay at recruitment, severity of illness, or heterogeneity in clinical population) through either the recruitment strategy or statistical analysis. For the "exposure/outcome" criteria (items 6-8), activity monitoring methods were described in adequate detail in 92% of studies, including at any follow-up (81% of studies). However, data completeness or the adequacy of its description was inconsistent (item 8 fulfilled in 64% of studies).
Results From Individual Studies
Monitoring methods. In terms of activity monitoring methods (eAppendix 6), 8 studies fitted patients with 2 monitors (worn on upper and lower leg in n = 6, upper arm and ear in n = 1, and wrist and thigh in n = 1), and Continued a Data are reported as mean (SD), median (IQR/range), or number (percentage), unless otherwise specified. ADLs = activities of daily living, amb. = ambulatory, APACHE = Acute Physiology and Chronic Health Evaluation, APR-DRG = all patient refined diagnosis-related group, ASA = American Society of Anesthesiologists score, AUS = Australia, CABG = coronary artery bypass graft, CCI = Charlson Comorbidity Index, CHF = chronic heart failure, COPD = chronic obstructive pulmonary disease, CVA = cerebrovascular accident, ex. = exercise, F = female, FEV1 = forced expiratory volume in 1 second, FiO2 = fraction of inspired oxygen, FVC = forced vital capacity, GNRI = Geriatric Nutritional Risk Index, GOLD = Global Initiative for Chronic Obstructive Lung Disease, HIV = human immunodeficiency virus, IQR = interquartile range, ADL = activities of daily living, LADG = laparoscopic assisted distal gastrectomy, LPG = laparoscopic partial gastrectomy, LVEF = left ventricular ejection fraction, M = male, MI = myocardial infarction, NIHSS = National Institutes of Health Stroke Scale, NR = not reported, NYHA = New York Heart Association classification, ODG = open distal gastrectomy, OTG = open total gastrectomy, PaO2 = partial pressure of oxygen in arterial blood, SM = self-monitoring, SSS = Scandinavian Stroke Scale, TIA = transient ischemic attack, UK = United Kingdom, USA = United States of America, v. old = very old. b Sample was divided into amb. at admission (n = 42) and non-amb. at admission (n = 6) subgroups for analysis. c n = 678 cluster was allocated to early mobility bundle group, and n = 501 cluster was allocated to control group. Participant characteristics represent whole study sample; no separate characteristics were available for n = 46 (across both groups) with activity monitor data. d Sample was categorized as TIA (n = 43) or ischemic CVA (n = 57). e Participants were randomized into low-frequency (n = 112) and high-frequency (n = 134) in-hospital exercise groups. f n = 52 analyzed in SM group and n = 51 analyzed in control group. g Cohort was stratified into short LOS ( < 5 days; n = 64), intermediate LOS (5-6 days; n = 44), and long LOS (>6 days; n = 41) for analysis and separately into discharge to home (n = 128) or discharge to home with supports or to another inpatient (skilled nursing) facility (n = 21). h Sample was stratified into old (65-74 years) and very old (≥75 years) groups with high (≥92 points) and low ( < 92 points) GNRI values: old at high risk (n = 111), old at low risk (n = 30), very old at high risk (n = 55), and very old at low risk (n = 39). i Exercising definition was based on transtheoretical model of exercise behavior change such that exercising = preparation, action, or maintenance stage and nonexercising = precontemplation or contemplation. j Sample was divided into male (n = 193) and female (n = 75) subgroups for analysis. k n = 28 randomized to wear plain clothes and n = 29 randomized to wear hospital gown. 1 study fitted patients with 5 monitors 47 (worn on bilateral wrists and ankles and hip). Of the studies that fitted patients with 2 monitors, 2 applied different makes to the same patient. 51, 61 The use of multiple monitors appeared to be related to the model of monitor used (AugmenTec Inc, Pittsburgh, PA 17, 56 ; PAL2, PAL Technologies Ltd, Glasgow, UK 28, 29, 45 ), and was the approach used in all but 1 of the studies of patients with stroke. The remainder of studies fitted 1 only (number of monitors and/ or wear details not specified in n = 3) being worn on the ankle (n = 8), waist (n = 8), as an armband (n = 4), or on the thigh (n = 4), wrist (n = 3), lower back (n = 2), or sternum (n = 1). All but 2 studies 25,42 gave some detail on the make or model of accelerometer used, with 17 different devices identified (eAppendix 6). The most commonly used accelerometer was the ActivPAL (PAL Technologies Ltd, Glasgow, UK) or positional activity logger (PAL2) (n = 8), followed by the SenseWear armband (Body Media, Pittsburgh, PA) (n = 5).
Data from continuous 24-hour periods were collected and/or analyzed in 26 studies, while 13 studies [28] [29] [30] [31] [32] 41, 46, 49, 50, 52, 57, 65, 66 only presented or collected data for "daytime" hours, as defined in the individual studies (not reported in n = 3). Of the studies that reported continuous data collection including nighttime periods, only 2 specified how they dealt with sleep; Rowlands et al 61 30, 31 captured activity and sedentary periods in split bouts, so these results do not reflect daily patterns. Six studies described monitor removal for events such as showering/bathing, investigations, or the completion of activity-based outcome measures (walk tests) that were perceived to interfere with study results. 25, 32, 39, 44, 49, 53 Sources of missing or incomplete accelerometer data were described in some capacity in 28/42 studies, with 2 small studies of patients with COPD reporting no missing activity data. 61, 66 Reasons for missing accelerometer data, incomplete data, or data withdrawn from analysis are listed in Figure 2 , some of which identify specific challenges related to the assessment of patients with an acute illness or hospital admission.
In the reviewed studies, 26/42 provided a citation and/or included their own supporting data 17, 28, 30, 53 regarding the psychometric properties (such as reliability or validity) of the activity-monitoring methods (eAppendix 6). Six records reported methodological testing of activity monitors within an inpatient setting; 4 evaluated older, 68,69 stroke, 69, 70 and critically ill patients 71 in acute settings, while the other 2 were in inpatient rehabilitation. 72, 73 Physical activity and sedentary behaviors in hospitalized patients. Details of activity and sedentary results are presented in Conceptually, studies that reported activity parameters did so according to:
• a measure of step count 25, 26, [32] [33] [34] 38, 43, 44, 48, 50, 51, [53] [54] [55] 57, 58, 64, 66 • duration: (minutes/hours) or percentage of time spent in a particular posture or activity (standing +/-stepping), 17, 28, 29, [40] [41] [42] [44] [45] [46] 56, 61, [63] [64] [65] [66] "active" (as defined in each study), 26, 30, 38, 43, 54 or at a particular activity intensity (light/moderate/vigorous, > a MET level or within a MET range) 48, 50, 58, 60, 62 • number of postural transitions (sit to stand) 40, 44, 45, 63 • maximum activity level 52 or a measure of intensity 46 • bouts of activity as uptime bout duration, 63 or bouts of moderate intensity activity or upright periods based in time blocks (eg, <5 minutes, 5-10 minutes, <10 minutes, 10-30 minutes, >30 minutes) 31, 38, 40 For the studies of elective surgical patients who were fitted with activity monitors preoperatively, results were expressed as a percentage reduction or recovery of preoperative activity on postoperative days [35] [36] [37] 39 and/or the number of days for recovery to a prescribed percentage of preoperative activity. 35, 36, 59 Acknowledging difference in variable definitions and measurement and analysis methods, results from studies that reported percentage of time spent active (standing/stepping, active/ambulatory) over 24-hour periods ranged between 1.2 and 6.0%. 42, 54, 56, 60, 64 Of the studies that reported step count using continuous (24-hour) monitoring over the hospital admission, the median (min-max) of reported steps/day was 428 . 25, 44, 54, 64 For studies that summarized steps at the end of the acute hospital admission (ie, discharge), 26, 51, 53, 58 the median (range) of reported steps/day was 2,225 (846-5,038); looking across all studies that reported steps/day within the acute admission, 5 studies 33,34,43,48,51 reported a step count >4,000/day for 1 of their subgroups at some time point, being in studies of patients with diabetes, exacerbations of CF, and cardiac admissions. However, steps/day were <1,000 in the majority of studies.
Of the longitudinal studies that reported a change in steps/day within the acute admission, 26, 44, 48, 51, 53 from admission to discharge both an increase 44, 53 (P ≤ .012) and no change 26, 51 were reported (P > .13). The number of postural transitions ranged from 19 to 50 per day in 4 studies. 40, 44, 45, 63 For patients recovering from upper abdominal surgery, total uptime, maximum uptime, and number of sit-to-stand transitions increased from days 1 to 4 (P ≤ .001). 63 Sit-to-stand transitions also increased over admission in a sample of acutely ill older medical patients. 44 Reports of associations between activity/sedentary parameters with other measures of muscle strength, physical function, or length of stay or discharge destination are available in eAppendix 7.
Studies that reported sedentary behaviors did so according to: • number of participants with average activity below a sedentary threshold, 52 or without upright time 40 No study reported on sedentary bouts. Acknowledging difference in variable definitions and measurement and analysis methods, results from studies that reported percentage of time spent sedentary (lying/sitting or nonambulatory) over 24-hour periods ranged between 93 and 98.8%. 42, 54, 56, 60, 64 Longitudinal studies that measured sedentary parameters did not report changes over time.
Discussion
This is the first systematic review to summarize accelerometer monitoring of physical activity levels and sedentary behaviors in acutely hospitalized patients across a range of medical and surgical diagnoses who were mostly ambulant prior to admission. Of the 42 included studies spanning publication years 1999-2015, around one-quarter were published in the most recent 12 months, which demonstrates escalating interest in this field. While heterogeneity in monitoring protocols limited our ability to compare outcomes between studies and clinical groups, and there are concerns as to the methodologic quality (such as small sample sizes) for some individual studies, this review found that patients spend around 1% to 6% of their time during the acute hospital admission in standing, stepping, or physical activity.
The largest body of data was available for general/mixed medical admissions (24% of included studies). In all but 2 of these studies, 43, 53 the mean age of participants was greater than 65 years. The application of accelerometry to older med-
Figure 2.
Reasons for missing, incomplete, or withdrawn accelerometer data. 42 Ave e Therapeutic activity included turning in bed, range of motion, "dangling" (sitting over edge of bed), sitting in chair, ambulation, or standing.
f Additional results for number of days required for cumulative acceleration/24 hours to reach >90% pre-op value-in Inoue et al, 53 3.4 (SD = 1.2) for laparoscopic group and 6.8 (SD = 1.7) for open group (P < .05); in Inoue et al, 36 2.8 (SD = 0.9) for LPG group and 6.6 (SD = 2.1) for OGD group; OTG failed to reach milestone by POD 7 (P < .05). g activPAL (PAL Technologies Ltd, Glasgow, UK); GENEActiv (Activinsights Ltd, Kimbolton, UK).
ical patients has likely emerged from attention to the problems of functional decline with acute medical admissions 3 and hospital associated disability. 74 Restricted activity is a key hospitalization-related factor contributing to functional decline (as is undernutrition, polypharmacy, and enforced dependence), 75 so it is likely that accelerometry will continue to be a key measurement tool in interventional studies to address these issues in older patients. 76 Seventeen different accelerometers were used in the included studies. Such variety in devices is consistent with a review of accelerometry-based physical activity monitoring in older adults, which also called for a greater focus on devices with the capacity to report sedentary behaviors. 77 In our review, the ActivPAL/positional activity logger was the most frequently used device, which is able to identify body posture by distinguishing standing from sitting/lying when worn on the thigh. This postural distinction is valuable in the hospital setting, where the difference between quiet standing and sitting/lying may be therapeutic, especially in the context of predominant sedentary behavior. 15 An alternative approach to determine time spent in sedentary behaviors is to base analysis of activity data on cut-points. However, a review of the Actigraph accelerometer highlighted that sedentary cut-points were highly varied (50-500 counts/min), as was wear location, and the most frequently used cut-point for this device (100 counts/min) had not been validated in older adults. 78 Four studies in this review reported the number of sit-to-stand postural transitions, which can enable analysis of bouts. Four studies also reported activity bouts, and no studies analyzed sedentary bouts. While the clinical relevance of sedentary bout length or optimal bout-break timings is not known, breaking up sedentary time has been associated with lower metabolic risk factors 11, 79 and inflammatory biomarkers. 79 In addition to total daily sedentary time, measures such as the weighted mean sedentary bout length, or descriptions of the overall pattern of sedentary behavior (such as number of bouts exceeding a defined length), have been recommended 15 and could be included in future studies in hospitalized patients.
Time spent in light physical activity such as walking is highly relevant in the hospital population and may be estimated through activity intensity cut-points or step counts. The few studies in this review that reported light intensity activity according to cut-points used reference values determined in community based samples, 48, 50, 54, 60 which may not translate to hospitalized patients who are likely to have increased energy expenditure for a given functional task due to changed locomotor patterns 80 and acute illness. 81 In contrast, step counts were frequently reported in the reviewed studies. Most reported step counts of <1,000/day, only 10% of the 10,000 daily steps recommended for the general population. These accelerometer estimates of steps/day are potentially conservative, as step count is likely underestimated by objective monitors at slower gait speeds, 68, 82 as present in hospitalized patients. 34 However, walking during acute hospital admission is emerging as an important outcome with greater ability to predict length of hospital stay 83 and readmission 7, 84 than other ADL measures. For example, in 164 older patients with acute medical illness, a threshold of >275 steps/day identified people at a reduced 30-day readmission risk. 7 Whether defined by step count or activity intensity cutpoints, there is no consensus regarding recommended levels of activity that are safe and therapeutic for patients at the time of a hospital admission, which is in contrast to recommendations for older adults in good health. 85 If recommendations from healthy populations are to be generalized to clinically diverse unwell groups, there is a need for caution. This has been highlighted by a report of less favorable outcome at 3 months post stroke for patients mobilized very early, 86 and greater 1-year mortality with no extra benefit in physical function or readmission for acute COPD exacerbations in an early exercise intervention group. 87 There were some limitations to this review. While attempts were made to eliminate overlapping publications, the cardiac population 32-34 may be overrepresented, and some data from medical admissions 18, [22] [23] [24] may not have been captured in the analysis (although available in eAppendix 4). Tasks for the review methods were completed in duplicate in an effort to ensure the most accurate end result, but at times the agreement between reviewers was low. The risk of bias assessment is where most discrepancies occurred. The NOS has been endorsed for the methodological evaluation of nonrandomized studies, 88 but interrater reliability has been interpreted as poor to substantial for individual items and fair for total scores. 89 Through customization of the instrument to our review, 88 we were able to minimize discrepancies between raters for some individual items, but not for total score. The percent of exact agreement between raters for the evaluation of randomized studies with PEDro (33%) was comparable with an existing report (35%). 90 One of the main risks of bias issues was dropout rates and details on how missing data was handled. This is not surprising in consideration of research challenges in acutely ill patients; future studies should make provisions for activity monitor data loss beyond what might be expected when collecting other measures of physical function, and based on the factors outlined in Figure 2 .
Reflecting back to the review aims, this study's methodology enabled a thorough summary of the scope of activity monitor use in acutely ill inpatients to be conducted, providing a reference for clinicians and researchers. This review also ascertained what physical activity and sedentary behaviors have been measured; sedentary behavior patterns were less frequently described and warrant further research. Reports of physical activity levels and sedentary behaviors from individual studies should be viewed in light of their methodological limitations. Heterogeneity in outcome reporting and analysis meant that the descriptive synthesis was often based on a small number of studies, such that caution is required with the generalization of outcomes. Still, the similarity of inactivity across hospitalized clinical groups from this review provides a platform for future intervention studies that seek to address inactivity in acute settings in order to improve patient outcomes.
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